The present review summarizes the data about the use of intermittent normobaric hypoxia (INH) in the treatment and prevention of both acute and chronic diseases of the nervous system in children. The INH method is used in pregnant women with fetoplacental insufficiency, anemia and for mental disorders correction. The INH efficiency in relation to such pathology as cerebral palsy, epilepsy, enuresis, sleep disturbances, autonomic dysfunction is proved. The age dependence of bioelectric activity of the brain in practically healthy persons (age from 8 to 21 years) on hypoxic factor and the most sensitive period of age from 13 to 16 years is shown. The results the own studies have shown that the children which are born and live in radioactive contaminated areas (RCA), the course of INH sessions led to the restoration of somatic vegetative status: activation of higher vegetative centers, optimization of sympathetic and parasympathetic links; positive influence on the activity of the cardiovascular system; ventilatory capacity of lungs; blood parameters.
Introduction
A normobaric hypoxic test using gas mixture containing 10 % oxygen and 90 % nitrogen for 20 minutes was used for the first time in 1939 by P. Ber and R. Levy to estimate the status of coronary blood flow [1] . In 1970, R. B. Strylkov formulated the concept of the possibility of protection from ionizing radiation by hypoxic gas mixture (HGM) with an oxygen content of 10.0±1.0 % [2] . In 1980, he and his coworkers offered to replace the mountain and hypobaric chamber training by HGM respiration (with low oxygen content at normal atmospheric pressure). Studies under the guidance of O. Y. Chizhov [3] and Yu. M. Karash [4] contributed to the substantiation and implementation of the method in medical practice. It is known as intermittent normobaric hypoxia (INH) [5] or instrumental orotherapy [6] .
According to the definition of "intermittent normobaric hypoxytherapy" (INH), a "mountain air" is a non-medicinal method for increasing the non-specific resistance of the organism to the damaging factors of external and internal environment, which ensures the development of the dosage in the depth and time of hypoxia in human's body when breathing by gas mixtures with a low oxygen content" [7] .
The use of the course of INH sessions increases the nonspecific resistance of the body. In the process of adaptation to INH, the oxygen function of the blood, microcirculation, efficiency of the cardiopulmonary resuscitation system, activity of the immune, antioxidant and endocrine systems are improved; neurohumoral response to psychological trauma is decreased; intoxication is reduced; resistance to various factors including to ionizing radiation is increased.
Aim of Research
To analyze the tendencies to the use of INH method in children having nervous system pathology.
Hypoxiotherapy in the treatment and prevention of psychological and neurological disorders in children
The study and analysis of the national and foreign literature sources shows that the mechanisms of INH influence on the central nervous system (CNS) are widely studied both in models and in clinical practice. There are several hundred of such studies. In review articles, in particular, in recent years, the relevance of this method and its use as a preconditioning [8] and by courses: normobaric hypoxic training in practically healthy people, and hypoxitherapy in the pathology of the nervous system has been highlighted. Thus, in [9] different known mechanisms of adaptation to the the hypoxic factor of the brain are described. It is known that the nervous system is most susceptible to hypoxia. The effect of the latter on the central nervous system, hemodynamics is shown, and improvement of cerebral circulation is an important adaptive effect [9] . Other authors [10] consider pathogenetic bases of the INH method as a result of compensatory and adaptive reactions in human's body and changes in various organs and systems under the INH influence. Researchers point to their own experience of using of the given method in children with cerebral palsy and epilepsy. The review [11] both the relevance and the effectiveness of the INH use in the rehabilitation of patients with neurological and somatic profile was analyzed, which occurs as a result of the activation of adaptive, immunological, biochemical and hemodynamic sanogenesis mechanisms. Concerning the improvement of the mental capacity of the brain, the work [12] shows that after the INH conditioned reflex activity and functional mobility of the nervous processes have increased in practically healthy persons aged 19 to 21 years. In other studies [13] in the elderly people (from 60 to 74 years), on the contrary, reduction of conditioned reflex activity was registered, which may be due to more severe arterial hypoxemia (as compared to young people aged 20 to 29 years) as a result of lower oxygen saturation in the lungs during hypoxic effects. Positive effect of INH as monotherapy in patients with endogenous depression and its efficacy up to 71 %, and at post-schizophrenic depression to 57 % is known [14] . The author [15] conducted a review of the PubMed literature database concerning the study and the use of hypoxia in relation to mental diseases.
Nowadays, there are dozens of works about the application of this method in nervous system pathology in children. The majority of studies have been carried out by national scientists and in the NIS countries. The development of the child's nervous system depends on many factors, including mother's health. Therefore, INH is used to prepare women with negative obstetric history, chronic somatic diseases few months before pregnancy, to prevent abnormalities in the antenatal development of the fetus [16, 17] . In pregnant women it is used from the first trimester for prevention of toxicosis, anemia (pregnant women), fetoplacental insufficiency, hypoxia and hypotrophy (of the fetus) [18, 19] . The scientists have found that during the development of neurohumoral regulation of the fetus during the second trimester of pregnancy, an increased anxiety, depression, stress that is accompanied by hormonal changes in blood may happen, affecting the development of the child's nervous system [20, 21] . Experimental and epidemiological studies indicate that in future it rather difficult for newborns to adapt to the environment, and negative effects in physical, neurological and mental development may occur [22, 23] . Significant hypoxia is a trigger for an abnormal brain development, which leads to mental disorders in adolescents and early adulthood [24] .
The use of INH with an oxygen content of 10 % in pregnant normalizes uteroplacental circulation due to adaptive structural changes that allows maintaining homeostasis in the motherplacenta-fetus system under hypoxia conditions [25] . Besides, therapeutic effect, which is manifested by increased reserve of the cardiopulmonary system, was found; psycho-emotional stress and autonomic manifestations decrease, and blood pressure, estrogen content and progesterone acid-base state are normalized. The researchers [26] have shown that long-term adaptation to hypoxia, the expression of the NO-synthase gene increase, that promotes endogenous NO production and creates a NO depot in vessel's endothelium. In future, this can prevent blood pressure increase. In the studies [27] INH (with an oxygen content of 13-10 %) was used in pregnant women (the period of pregnancy 20-32 weeks) with varying degrees of anemia. It is shown that after INH the parameters of erythrocytic chain, iron metabolism are improved; the acid-base state and the content of blood electrolytes are normalized; a therapeutic effect was obtained (as in [25] ). Normobaric hypoxic therapy can be used to prevent mental diseases: one course before pregnancy and one or two (during pregnancy) after the 16 th week [7] . It has been found that children born to mothers who had INH sessions had a high Apgar score, larger body weight and body length. They had significantly fewer cases of perinatal lesion of the central nervous system, cerebrovascular disorders, and encephalopathy [25] .
In pediatric neurology, the method of normobaric hypoxia is used, first of all, in child cerebral palsy. After a course of INH sessions using HGM 12 % of O 2 in nitrogen, a tendency to improve coordination and chaotic movements decrease children aged 3 to 18 years, is observed in 90 % of patients, also the volume of active (89 %) and passive (in 87 %) movements in joints increases, muscular tone in the limbs decreases, the foot support becomes more confident and the clones in the lower extremities decrease [28] , the complete or partial overcoming of pathological synergies is recorded [29] . Researchers explain this fact by changing the activity of GABA-ergic and serotonergic systems due to the INH effects, since they provide the processes of inhibition and coordination of movements [30] . According to foreign authors, it confirms the hypothesis concerning the fact that anaerobic potential is an important element in physical role of routine daily activities in people with child cerebral palsy [31] .
In other studies, a comprehensive examination of 87 patients aged from 8.5 months to 12 years, have shown that in 85 % of this patients with the given pathology blood flow of the brain (according to transcranial Doppler) and ophthalmoscopic pattern (32 %) are improved. The positive change in the electroencephalograms is noted, in particular epileptiform manifestations decrease: the density of alpha rhythm power increases by 23 %, beta -by 26 %, delta and theta rhythm are reduced by 35 %. Improvement of local blood supply to the brain, ophthalmoscopic picture and bioelectric activity markers are considered by the authors as adaptive reaction to the course of hypoxia therapy sessions [29] . In addition, fatigue, enuresis, anxiety levels decrease, sleep improves, therefore, a positive dynamics of somatic and psychophysiological conditions affecting the quality of life are observed [32] .
Research concerning the study of epileptic disease in children and adolescents show that its course is accompanied by free radical processes activation and inhibition of antioxidant defense in blood and brain. In an experiment in rats, it was shown that hypoxic effect exactly (HGM respiration with oxygen content of 10-12 %) activates peroxide-oxidative and antioxidant processes in the blood [33] .
In adolescent patients with epilepsy, under the influence of INH both the minimum and maximum concentration of antiepileptic drugs decreased. At the same time, after the course of sessions, the frequency, duration and severity of attacks decreased. According to the researchers, this property is connected to the activation of energy processes, which confirms the efficiency of the therapy. The study of bioelectric activity of the brain showed that after the first session, the power in the slow waves range increases and epileptic activity decreases. Scientists believe that such positive effect may be explained by the involvement of the main part of neurons in generation of non-epileptic forms of activity and points to adaptive processes in brain in response to the shortterm effect of INH. The change of the electroencephalogram in the a-and β-frequency range gives reasons to affirm about the neurophysiological normalization of bioelectric activity of brain and correlates with the resistance of the therapeutic effect [34] .
Recent studies in area of brain bioelectrical activity in practically healthy children and adolescents under conditions of short-term hypoxic influence has an age-dependent dependence of the organism on hypoxia: at the age of 8-12 years and 17-21 years the activity of the cerebral cortex is recorded, at the age of 13-16 years, the activity of the subcortical structures is found. In all patients (from 8 to 21 years old) the index and amplitude of alpha, theta, and delta waves is increased. It should be noted that the amplitude of fast alpha activity (aged 13 to 16 years) is increasing, which according to researchers points to an increased sensitivity of this age group to the effect of shortterm hypoxia. Under conditions of hypoxia, the rates of excitatory and inhibitory tests tended to decrease, and movements' coordination during the Thorndike labyrinth probably got worse. More mistakes were recorded in children aged 13 to 16 [35] .
41 children (aged 8 to 14 years) with vegetative dysfunctions were examined. After the hypoxic test for 15 minutes (14 % O 2 ), normal blood pressure (BP), heart rate (heart rate) were normalized; according to the analysis of the heart rate variability, the stress index decreased [36] . In other studies, 166 patients aged 12 to 15 years with arterial hypertension were examined, 91 of them had normobaric hypoxic therapy prior to baseline therapy. After the course of the INH sessions, the average daily blood pressure indices were reduced, and stabilization or reduction of the hypertension time index allows asserting about a more favorable prognosis compared with control. Besides, complaints of headaches, associated vegetative manifestations, and emotional stress decrease [37] . The authors testify that in practically healthy children the course of INH sessions promotes the change of the initial vegetative tone to atonia [38] . In children aged 10 to 13 years living in RCA and having vegetative disorders, normobaric interval hypoxic training increase the parameters of the Stange test, reduce the manifestations of vegetative homeostasis towards sympathicotonia and increase the positive effect of balneotherapy [39] . The basis of this is the physiological effect of INH, namely the known mechanisms of hypoxic training are started. In particular, collateral circulation is activated, blood rheological properties change, nerve-reflex regulation of the vascular tone improves, and venous congestive events in the brain decrease, the cardiac muscle activity and cardiorespiratory system function improve, the oxygen delivery to the periphery increases.
In 35 preschool children (5 to 6.5 years) having neuropsychological disorders, the use of INH helped to change the emotional state, alignment of brain asymmetry with activation of the left hemisphere and the formation of individual style of activity [40] . Some researchers note that the use of the INH sessions course (within 2 weeks) in patients of middle and high school age (12 to 17 years) with intellectual disabilities helped to improve psycho-emotional stability, reduce anxiety, increase mobility of nervous processes, which indicates an improvement in the perception and processing of information [41] .
It is known that even after single hypoxic effects in brain structures, expression of NCFI-A, c-jin, jinB, and c-foc, playing a significant role in neuronal plasticity processes, training, survival/ death of neurons, is increased [42] . It has been determined that the neuroprotective effect of hypoxic preconditioning is the result of stimulation of erythropoietin receptors [43] and increased activity of PI3-Akt [44] and ERK1/2 [45] . In recent years, scientists have shown a positive effect of hypoxia on the model of mitochondrial diseases. Thus, in rats with a deficiency of the Ndufs4 gene (the gene encoding protein for mitochondria (complex I)) that were in cells with 11 % of O 2 , the life duration was 270 days, and in animals at 21 % O 2 -60 days. The mutation of the Ndufs4 gene is observed in some patients with Lee's syndrome [46] .
Results of research
The effect of INH on the somatic vegetative parameters in children living in RCA, as a result of the Chernobyl accident (1986) was studied. 100 patients aged 6 to 17 years had the course of INH sessions (12 % О 2 ). The results indicate higher vegetative centers activation, sympathetic and parasympathetic links and optimization of their correlation, positive effects on the cardiovascular system activity, pulmonary ventilation, and blood parameters [47, 48] . Increasing the L-arginine content by 9.1 % in serum, under the conditions of the absence of significant changes in stable metabolites, NO is considered as a possible mechanism of INH action, which temporarily limits the use of this amino acid and accumulates it for more intensive use in future [49] .
Reduction of latent periods of complex visual motor reaction characterizes the speed of visual information cognitive processing and the formation of an adequate visual motor response. In our research, it has been shown that in children living in RCA, the latent periods reduction allows to assert about a certain general activation of the nervous system.
To sum up the literature data and the results of our own studies concerning the changes of autonomic nervous system, it can be noted that the improvement of the somatic vegetative status of the RCA inhabitants is connected with the influence of HGM through impulses from chemoreceptors by afferent nerve fibers to medulla oblongata autonomic centers, hypothalamus and cerebral cortex. As a result, a certain cardiorespiratory relaxation and optimization of sympathetic and parasympathetic effects on the cardiovascular system and external respiration can be achieved. The obtained results of our studies also testify this. It has been shown that INH contributes to accelerating 137 Cs excretion from human's body. It improves the general health of children by reducing anxiety, increasing tolerance to psychoemotional and physical activity, and also improving sleep, reducing headaches and period of restitution during active clinoorthostatic testing [50] .
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Conclusion
1. INH sessions can be useful for women planning pregnancy and living in either environmentally unfriendly areas or radioactive contaminated areas, as well as for women having negative obstetric history and chronic somatic diseases. This method can be used by pregnant women having fetoplacental insufficiency, anemia, for correction of mental disorders.
2. INH is used for prevention, treatment and rehabilitation of both chronic and newly diagnosed nervous system diseases in children.
3. The short-term hypoxic factor influence on the bioelectric activity of the brain of practically healthy children and adolescents is age-dependent. People aged 13 to 16 years are the most susceptible to hypoxia.
4. INH of the sanogenic level improves the somatic vegetative status and accelerates 137 Cs excretion in children born and living in radioactive contaminated areas.
5. There is a necessity to study the use of INH method in children having nervous system pathology and mental development disorders, as well as to improve mental abilities. This is a prospect of the future research.
